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PreviewsFerraro et al. propose that WPB size
control results from two interacting influ-
ences: the size of quanta is set by the
size of the individual cisternae in a minis-
tack, and the number of quanta that are
combined to produce the final WPB is
set by the number of ministacks interact-
ing in the Golgi. In this model, the mecha-
nism that determines the size of the Golgi
cisternae plays a pivotal role by setting
the size of the WPB quanta. Ferraro
et al. (2014) then testedwhether the quan-
tity of vWF produced in the cell might
dictate cisternal size. When the authors
reduced VWF expression, the size of
WPB quanta was not changed, ruling out
this possibility. There must thus be some
size-control system regulating cisternal260 Developmental Cell 29, May 12, 2014 ª2dimensions independently of the quantity
of secreted protein. The size of cisterna
appears to be regulated by the kinetics
of membrane trafficking through the Golgi
(Bevis et al., 2002; Bhave et al., 2014).
Although WPB secretion by endothelial
cells is a case of a specialized organelle
within a particular cell types, we could
expect the Golgi to play similar roles in
any secretory cell. With this in mind, it
would, for example, be interesting to
know whether alterations in Golgi stack
connectivity can influence the thickness
of secreted mucus layers in the airway.
Clearly, the present demonstration is just
one step toward understanding the func-
tional ramifications of organelle size and
topology in secretory cells.014 Elsevier Inc.REFERENCES
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Alveoli facilitate air-blood interchange in the lungs from birth to the last breath. Reporting inNature, Treutlein
et al. (2014) apply single-cell RNA sequencing to the developing mouse lung to address some of the unan-
swered questions surrounding the embryonic origins of alveoli.Mature alveoli consist of two distinct
epithelial cell types—the alveolar type 1
(AT1) cells involved in gas exchange and
the surfactant-secreting alveolar type 2
(AT2) cells—both of which first appear at
around embryonic day 18.0 (E18.0). In
the postnatal lung, AT2 cells both self-
renew and give rise to AT1 cells; that is,
they are an alveoli stem cell of the adult
lung (Barkauskas et al., 2013). It was not
clear, however, whether embryonic AT1
cells arose through a similar mechanism
or whether they formed directly from an
AT1/AT2 progenitor cell. Mark Krasnow’s
group had very recently shown that AT1
and AT2 cells originate from a bipotent
progenitor present in the E15 lung (Desai
et al., 2014) and that, within the E18.3
developing lung tip, there were threemorphologically distinct cell types: AT1
cells, AT2 cells, and an apparent bipotent
progenitor. However, they found no
morphological evidence for an AT2 cell
transitioning to an AT1 morphology. In a
recent paper in Nature (a collaboration
between the Krasnow group and Steve
Quake’s laboratory team, who brought
their formidable expertise in microfluidics
technology), Treutlein et al. (2014) applied
single-cell RNA sequencing (RNA-seq)
to further address the transcriptional dy-
namics of this step in embryonic alveoli
development.
Treutlein et al. (2014) initiate their study
by generating 80 single-cell transcrip-
tomes from epithelial cells isolated from
the E18.5 mouse fetal lung. Although
single-cell whole-transcriptome methodsare not new, having first been employed
with microarrays, the advent of microflui-
dic technologieshas industrialized thepro-
cess, culminating in the commercialization
of Fluidigm’s C1 AutoPrep System. This
device captures up to 96 individual cells
from an input of 1,000 and generates
amplified cDNA, which can be analyzed
by either sequencing or targeted PCR.
Both were employed by Treutlein et al.
(2014). Although not the only approach
to generate significant quantities of
single-cell RNA-seq data (for instance,
see Jaitin et al., 2014), there is evidence
to indicate that the nanoliter volumes
used on microfluidics devices improve
single-cell RNA-seq sensitivity compared
with the microliter volumes in plate-based
platforms (Wu et al., 2014). That said,
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Previewsregardless of the method of choice, there
are caveats to single-cell RNA-seq, not
least of which is technical noise.
The efficiency of first-strand cDNA syn-
thesis from the estimated 0.1 to 1 million
RNA molecules in any one individual
mammalian cell establishes the limit of
detection for single-cell RNA-seq. In the
current most-optimal settings, this may
approach 50% efficiency with the use of
unique molecular identifiers and/or highly
optimized protocols (Islam et al., 2014; Pi-
celli et al., 2013); with the SMARTer cDNA
chemistry used by Treutlein et al. (2014),
this efficiency would be decidedly less.
Rather than biological noise, the technical
noise generated as a result of this reverse
transcription inefficiency is likely the domi-
nant cause of the significant drop in gene
detection (>30%) seen when individual
cells are compared to ensemble aggre-
gates of the same cells (Wu et al., 2014).
In the work of Treutlein et al. (2014), like-
cells have a correlation coefficient on the
order of 0.45 (see Figure S3E in Treutlein
et al., 2014), and the loss of correlation be-
gins to be evident at relatively high expres-
sion levels.However, this is notparticularly
problematic if the goal is to define distinct
cell types fromone another, whichwas the
aim of this particular study. Indeed, most
of the genes highlighted in defining the
embryonic lung cell types are highly ex-
pressed in their respective cells.
From the E18.5 distal lung tips, the
authors were able to identify five distinct
cell populations, which included the
Clara and ciliated cells of the adjoining
bronchiolar epithelium and three closely
clustered cell types they define as the
AT1 and AT2 cells and their bipotent
progenitor. Importantly, the bipotent
progenitors coexpressed some markers
representative of each of the differenti-
ated AT1 and AT2 cells, thus providing
further evidence that it is a progenitor
population that gives rise to both of these
cell types, as opposed to AT1 cells being
derived through an AT2 intermediate. This
unbiased and transcriptome-wide anal-
ysis also provides many new cell-type-
specific markers that will be invaluable
for future developmental genetic studies.
To establish the developmental tran-
scriptome progression leading to the
eventual AT1 and AT2 populations within
the E18.5 lung, the authors went on to
generate further single-cell RNA-seq
data from surfactant protein C (Sftpc)-positive cells of the E14.5 and E16.5 distal
lung (Sftpc is a mature AT2 cell marker
but is also expressed on the progenitor
cell population). The authors were able to
identify a distinct transcriptome signature
within the E14.5 cells, which they refer to
as early progenitors. Cells within the
E16.5 lung were very similar to the
above-mentioned E18.5 bipotent pro-
genitor. It should be noted that Clara and
ciliated cells of the developing bronchial
epithelium (and presumably their progeni-
tors) are also Sftpc positive. Thus, the
E14.5 early progenitors may include the
multipotent progenitors characterized in
earlier work (Rawlins et al., 2009).
The ability to track gene expression at
single-cell resolution provides new insight
into molecular mechanisms of cell fate
determination. The traditional view, much
of it from studies in the hematopoietic sys-
tem, suggests that the initiation of ex-
pression of lineage-specific transcription
factors is a defining mechanism, the so-
called lineage priming model. However,
Treutlein et al. (2014) did not identify any
transcription factors initiating expression
in the transition from progenitor to either
AT1 or AT2 differentiated cells, thereby
suggesting that it is the downregulation
of factors expressed in progenitors, in
contrast to the initiation of transcription
factor expression, that plays a role in line-
agecommitment. This is similar to findings
from single-cell analysis of the morula to
blastocyst transition in mouse preimplan-
tation development, where it was argued
that progenitor cells are provided with a
transcriptome that could contribute to
multiple descendent cell types but that
cells subsequently interpret positional sig-
nals and then downregulate genes of line-
ages not chosen (Guo et al., 2010).
Perhaps this reflects an inherent differ-
ence in lineage commitment between
natural single-cell systems such as the
blood compared to more complex tissues
that require coordinated positioning of
different cell types.
While there is plenty of biology that can
be mined from the data set generated by
Treutlein et al. (2014), one can imagine
how a similar approach could be applied
in various models of lung injury to better
understand the regenerative ability within
the adult lung. The cell of origin in these
regenerative processes is still a matter of
considerable debate and indeed may
vary depending on the nature of injury.Developmental CelMoreover, applying precisely timed sin-
gle-cell transcriptomics to loss-of-func-
tion models would be a fruitful approach
to characterize the primary molecular
defects in such systems. In addition, there
is a definite need to apply similar strate-
gies to the human lung. Such tissues are
more of a challenge to access and, there-
fore, recently developed iPS cell-derived
in vitro systems (Huang et al., 2014) could
serve as a surrogate.
Clearly, given that single-cell transcrip-
tomics is now an accessible and powerful
approach for deciphering mechanisms
in any cellular developmental process,
one should expect to see an explosion
of such data in the near future. It would
be wise for the developmental biologist
to become skilled at R, a free software
programming language for statistical
analysis and graphical representation, to
prepare for this transformative technology
and the data it generates. Such large
data sets will need the biologist’s eye to
maximize the developmental insights this
technology will bring.
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